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INTRODUCTION 


A  glider  has  been  used  to  study  atmospheric  thermals.  Tra¬ 
verses  were  made  through  individual  thermals  v/hile  readings  of 
airspeed,  rate  of  climb,  attitude,  time,  altitude,  dry  bulb  temper¬ 
ature  and  wet  bulb  depression .were  recorded  on  cine  film.  From 
these  readings  a  cross-section  of  velocities,  temperature  and 
moisture  content  was  obtained. 

The  object  of  the  research  was  to  obtain  an  idea  of  the  magni¬ 
tude  of  the  above  quantities,  to  evaluate  the  aircraft,  and  tech¬ 
niques  used  and  compare,  if  possible,  the  observed  values  Vfith 
these  predicted  by  various  models,  notably  the  isolated  thermal 
model. 

Note  concerning  this  report 

The  purpose  of  this  report  is  to  present  the  results  from  those 
flights  '.vhich  have  boon  sufficiently  analysed  and  to  give  a  summary 
of  the  techniques  employ od.  It  should  not  bp  considered  a  scien¬ 
tific  paper.  Comparison  has  boon  made  between  the  results  and  the 
isolated  thermal  riodol  primarily  to  indicate  how  the  data  may  be 
applied.  The  v/ritcr  would  prefer  not  to  draw  conclusions  until 
discussion  and  further  analysis  can  be  done. 

Equipment  and  techniques  used  and  a  dccription  of  the  isolated 
thermal  model  are  summarised  only.  A  full  discussion  on  the  use 
of  gliders  in  the  investigarion  of  atmospheric  thermals  is  pre¬ 
sented  in  the  first  Annual  Report,  28  February  I961.  "Exporim-’nts 
on  convection  of  isolated  masses  of  buoyant  fluid"  (J.  Fluid  Mech. , 
2,  P*585,  1957)  by  R.  G.  Scorer  gives  a  description  of  the  results 
obtained  from  laboratory  experiments;  "The  motion  in  and  around 
isolated  thermals"  (Quart.  J.  R.  Mot.  Soc. ,  March  1959)  by  3. 
V/oodward  presents  the  velocity  field,  and  "A  theory  of  thermal 
soaring"  (Swiss  Aero  Revue,  6,  1958)  by  3.  V.oodvard  gives,  an  example 
of  the, effect  upon  a  sailplane  spiraling  in  an  isolated  thermal. 

Summary  and  evaluation  of  equipment  and  technique  . 

A  small  cumulus  was  used  as  a  marker  v/hile  the  glider  made 

.  A..  . 

passes  through  and  below  it  while  attempting  to  maintain  constant 
attitude.  On  some  occasions  a  circling  glider  v;as  used  as  a  marker. 
During  the  last  tv;o  weeks  of  field  operations  tv/o  gliders  were  em- 


k'^ 

ployed  and  various  flight  technique  tried.  To  date  the  data  obtained 
from  only  one  aircraft  have  boon  analysed;  the  second,  v:hich  was  prima¬ 
rily  used  as  a  reserve,  did  not  carry  temporaturo  instruments  and  oh 
many  flights  the  recording  camera  jammed. 

The  primary  glider,  a  2-soat  Slingsby  Eagle,  was  ovrnod  by  the  Royal 
Air  Force  Gliding  and  Gearing  Association  and  was  operated  from  R.A.F. 
AndoVer  and  from  Lashara  Airfield,  both  situated  in  Hampshire,  A 
member  of  the  RAFGSA  flow  the  aircraft  ;  the  Principal  Investigator 
was  observer  on  all  flights,  taking  notes  and  operating  the  recording 
camera. 

The  arrangements  with  the  SAFGSA  and  its  members  wore  most  satis¬ 
factory.  The  glider  is  normally  used  for  advanced  training;  exclusive 
use  of  the  machine  was  had  during  field  operations. 

Ground  observations,  conducted  by  Dr.  John  Hushforth  during  the 
1961  investigations,  included  obtaining  winds  aloft  (tail- balloon, 
single  theodolite)  and  operating  a  ground  time  lapse  camera.  The 
latter  was  used  to  record  the  development  of  the  cumulus  under  which 
the  glider  was  flying.  The  film,  Kodak  -  negatively  developed,  from 
the  Andover  expedition  v/as  satisfactory.  Unfortunately  the  film, 

Ilford  -  positively  developed,  from  Lasham  is  overexposed  and  barely 
readable,  tio  concentrated  effort  has  yet  been  made  to  interpret  this 
film  which  includes  the  cumuli  described  later  in  this  report. 

The  Bolox  time  lapse  camera  which  recorded  thqfelider  instrument 
panel  every  half  second  was  satisfactory;  failure  occurred  twice 
during  the  tw’O  years.  This  film  was  subsequently  projected  by  a  high 
quality  film  reader  and  the  instrument  readings,  eight  in  all,  wore 
noted.  It  took  one  to  two  minutes  to  road  each  frame. 

A  considerable  amount  of  data, was  reduced  by  hand  before  a  pro¬ 
gram  for  an  electronic  computer  was  completed.  The  readings  from 
the  film  w'ore  subsequently  punched  on  tape,  after  correcting  for  in¬ 
strument  error  whore  necessary,  and  reduced  by  machine.  The  compu¬ 
tations  wore  carried  out  on  a  Stantec  Zebra  computer  installed  at 
Queen's  College,  Dundee,  Scotland  and  the  programs  v/ero' written  in  an 
auto  code.  Dr,  J.  Rushforth,  Dept,  of  Mathamatics,  Queen's  College, 
•wrote  the  programs  and  operated  the  machine.  Tv/ o  programs  wore  writt^en 
for  the  velocity  data;  the  intermediate  program,  v/here  an  averaging  pro¬ 
cess  was  being  carried  out,  took  twenty  minutes  for  a  run  of  about 
ninety  seconds.  ■  The  results,  which  wore  on  paper  tape,  v/cro  re-read 


n  nto  r.ipr hi  riv)  t  oi’  t.h.>  cilci; latl ons  in  tho  ■  f ina'l  pr  ogr am  v/hich 

took  a  slightly  shorter  time. 

Data  obtained  from  i960  were  primarily  used  to  ovaluato  the  flight 
technique  and  seme  of  these  v.'Gre  presented  in  the  Ist  Annual  Report. 
Tomporatures  were  not  recorded.  During  the  thrce-v;eok  I96I  invosti- 
gatiens,  flights  were  made  v/henevor  possible,  however  suitable  con¬ 
ditions  were  encountered  on  only  three  days.  Six  flights  on  two 
of  •  i'  i. iic  l.uih.d  In  this  report.  A  Seventh,  and  a  flight 

on  the  third  day,  have  been  reduced  but  have  not  been  sufficiently 
analysed  for  presentation.  -  f"' 

The  Principal  •  Investigator  has  been  the  only  full  time'  employee 
on  the  project.  During  the  field  operations  a  total  of  about  six 
persons,  at  any  one  time,  participated.  The  v.'ritc-r  is  greatly  in¬ 
debted  to  these  participants  who  donated  their  time  and  exporionco 
for  basic  expenses  only. 

In  general  it  is  felt  that  the  aircraft  and  tochniquos  employed  , 
have  been  a  success.  The  toost  time  consuming  task  throughout  has  been 
the  measurement  and  reduction  of  horizontal  velocities  and  the  final 
results  arc  still  not  censddered  satisfactory.'  The  accuracy  of  both 
horisonta],  and  Vertical  Velocities  is  limited  by  the  ability  to  mea¬ 
sure  the  attitude  of  the  aircraft.  A  more  sophisticated  instrument 
than  the  surplus  artificial  horizon  should  pe-rhaps  bo  used  for  future 
experiments.  It  is  fe-lt  that  the  glider  is  the  most  satisfactory 
tool  for  an  inexpensive  and  exploratory  study  of  atmospheric  thermals. 
If  a  larger  investigation  is  conducted  in  the  future  it  would  bo 
worthwhile  to  utilise  a  light  aircraft  which  could  make  traverses 
above  and  below  a  circling  glider. 
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R'vRT  II  . 

FLIGHT  EQUIPMENT,  IlioTRUMENT/.TIOrJ  ;jv'D  DATA  DEDUCTION 

The  equipment  and  instruments  used  have  been  described  in  previous 
reports.  short  summary  follows:  '  , 

Aircraft 

Glider:  A  tv;6-sci;t  Glingsby  T-42  Eagle  was  used  which  carried  a  pilot 
-  '  Wi 

(real'  seat)  and  obsorvor  (front  seat)  on  all  flightai  Tho  "all-up  weight" 
of  the  tiircraft  was  about  540  kg.  The  performance  figures  quoted  by  the 
manufacturer  wore  altered  slightly  to  give  more  realistic  values  for  the 
induced  and  profile  drag  coefficients.  ..  sinking  speed  of  O.85  m/s  at  . 
a  forward  speed,  for  maximum  glide  angle  (or, minimum  drag  coefficient), 
of  23.5  m/s  was  selected. 


Tow  Plane:  .'ui  Chipmunk  was  used  when  tho  field  investigations 

wore  conducted  at  R.i..F.  .jadovor;  one  of  three  Austers,  operated  by  the 
Lasham  Gliding  Society,  v/as  used  when  at  Lasham  Airfield. 


Camera  Equipment: 

Bolox:  A  16  mm  Bolex,  with  a  "homo-made"  time  lapse  mechanism,  which  was 
fitted  in  tho  H.A.F.  Eagle,  photographed  the  instrument  panel  every  half  second 

G.G.3.  Recorder:  This  I6  mm,  25  ft.  roll,  surplus  "gun-camera"  was  fitted  in 
the  Imperial  College  Eagle. 

Flight  Instruments 

Airspeed :  Kelvin  Hughes  Type  220-02,  which  gives  a  range  of  10  to  80  mph 

■» 

and  has  a  time  constant  of  O.5  to  0.7  seconds. 

Variometer:  Tho  rate  of  climb  indicator  used  was  a  Qrossfell  Variometer 
v;ith  a  time  constant  of  0.5  seconds.  This  instrument  indicates  rate  of 
change  of  aircraft  static  pressure  by  measuring  tho  direction  and  magnitude 
of  the  airflow  in  and  out  of  a  litre  vacuum  flask  connected  to  static. 

Tlio  airflow  causes  differential  cooling  of  two  thermistor  beads  placed  ‘ 
near  a  heated  element,  and  tho  change  in  electrical  resistance  of  tho  beads 
mounted  in  a  Wheatstone  bridge,  drives  a  moving  coil  meter  through  a  low 
gain  transistor  amplifier.  The  instrument  reliably  indicates  an  airflow 
of  Va  cc  per  minute.  Tho  range  is  -4.0  to  +  4.0  m/s  or  -8.0  to  +8.0  m/s 
on  tho  2  X  scale . 
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■vt-ificial  Horizon:  Surplus  German  instrument  that  could  be  road  to  the 
nearest  0.5  dcoroe. 

..Itimctcr:  Standard  sensitive  altimeter  with  35.000  ft.  range. 

Clock:  #  8-day  aircraft  clock. 

Compass :  E  “  2  compass  . 

Cr-v  Bulb  Temperature:  Thermistor  Bridge,  made  by  E.M.G.  Hand-made  Gramo¬ 
phone  Ltd.  according  to  specification.  It  has  a  range  -2.5  to  +  22.5  C 
oh  six  scales. 

\;,.t  Bulb  Deorossion:  This  instrument,  which  consists  of  series  of  20 
junctions  mounted  in  a  perspex  frame,  was  designed  and  constructed  by 
k.G.  Bignell  and  Betsy  V/oodward.  ..  number  of  phototypes  wore  tested  in  ^ 
the  wind  tunnel  at  the  Dept,  of  Meteorology,  Imperial  College.  The  ampli¬ 
fier  was  made,  according  to  specification,  by  E.M.G.  Hand-made  Gramophone 
Ltd.  The  difference  between  wot  bulb  and  dry  bulb  tomporaturos  was  indi¬ 
cated  on  a  0-2  voltmctc:-  with  full  scale  deflection  equal  to  5.0  €. 


The  following  table  lists  the  notation,  accuracy,  etc.  of  the  instruments 
road  from  the  cine  film  of  the  instrument  panel. 


Instrument 

Notation 

nearest 

.'.irspepd 

Vimph 

0.2  raph 

Variometer 

V. 

1 

0.05  ra/s  ■ 

Horision 

mm 

0.25  mm 

.'iltimetor 

^'xt 

5  feet 
—  0^ 

Dry  Bulb  Temp. 

'di 

0.25  0 

Viet.  Bulb  Depres 

*  ^^d"Vi 

0.05°C 

Clock 

t 

0.025  see 

Compass 

head. 

5 

instrument 

Accuracy 

Notation 

correction 

(rel.) (abao^ 

after  cor 

not  applied 

+  0.6  mph 

^imph 

1.2  X 

+  105i 

V 

1mm  =  QP34 

soe  notes 

radians' 

not  applied 

+  10ft  ’+  20ft 

^ft 

variable 

+  0.02°,  +0.05° 

^d 

variable 

+  0.025°  +0.10' 

“  '‘d-V 

Notes  Concernin/s  Calibration  and  Correction  for  Instrument  Error 

Airspeed:  Calibrated  just  prior  to  field  investigations  at  R.A.F.  Boscombe 
Dov/n  and  afterwards  by  Kelvin  Hughes,  Basingstoke.  In  the  range '50  -  65  Riph 
the  correction  to  be  applied  was  always  less  than  O.5  tnph,.  Correction  due 
to  position  error  in  this  range  is  negligible.  Total  correction  for  posi¬ 
tion  and  instrument  error  is  always  loss  than  +  0.6  mph  in  the  speed  range 
in  which  the  glider  was  flown. 

Variometer:  Calibrated  prior  to  field  investigations  by  Peter  Davoy,  designer 
of  the  Crossfcll.  This  calibration  showed  the  instrument  to  be  under-reading 
by  0  to  155o  at  l6°C.  The  sensitivity  varies  with  the  temperature  of  the  air¬ 
flow,  increasing  as  temperature  is  decreased  by  0.5^  per  1°C.  At  8°C  the  r 
scaling  would  be  4/a  high.  The  variable  correction  for  scale  and  temperature, 
that  was  obtained  from  the  ground  calibration  supplied  by  the  designer,  was 
not  applied.  From  the  flight  data  obtained  the  variometer  reading  was  inte¬ 
grated  and  the  result  compared  with  the  change  in  the  altimeter  reading. 
Portions  were  selected  v/hich  had  a  duration  of  at  least  seconds  and  where 

■i  .  .  .  ’ 

Hhe  glider  was  continuously  ascending  or  descending.  The  average  of  22  cases 
when  the  glider  v;as  descending  showed  that  a  scale  correction  of  I.19  times 
the  indicated  value  should  be  applied.  (The  range  was  between  1.07x  and 
I.3OX.).  The  average  of  nine  casco  when  the  glider  was  ascending  showed  an 
average  scale  correction  of  l.l8x  (range  l.lOx  to  1.29x).  It  was  decided  to 
apply  a  constant  correction  of  1.2x  the  indicated  value.  It  is  reasonable  to 
assume  that  the  corrected  variometer  reading  is  accurate  to  at  least  +  lOJj 
(but  never  greater  than  +  0.1  m/s). 

Altimeter:  ■  -.Calibration  by  Kelvin  Highes  showed  that  from  0  to  6000  ft  the 
indicated  reading  was  always  within  15  foot  of  the  true  pressure  height  and 
that  the  difference  between  up  and  down  readings  did  not  exceed  20  feet.  A 
correction  was  not  applied.  . 

Artificial  Horizon:  It  was  necessary  to  convert  the  arbitrary  scale  of 
millimetres,  road  from  the  projected  film  of  the  instrument  panel,  into 
degrees  or -radians  of  aircraft  attitude.  During  the  field  operations  the 
tail  of  the  glider  was  raised  ax-id  lov/ored,  on  the  ground,  to  laiovm  angles 
v;hilo  the  change  in  the  position  of  the  artificial  horizon  was  photographed. 
Flight  tests  were  made  late  one  evening  in  "still  air",  however  this  v;as  one 
of  two  times  when  the  recording  camera  jammed,  so  few  of  the  results  could 
be  used.  The  196I  ground  calibration  differed  by  a  factor  of  2  from  the 


calibration  obtained  the  previous  summer.  Although  a  different  instrument 

was  used  in  I960  they  were  both  the  ssjne  size  and  the  196I  calibration  was 

thrown  in  doubt.  It  was  then  decided  to  obtain  a  conversion  factor  based 

upon  actual  flight  data.  A  given  change  of  attitude  produces  a  change  in 

the  vertical  velocity  of  the  glider  that,  for  all  practical  purposes,  is  not 

depandent  upon  the  period  of  the  attitude  change  (see  Fig.  la).  Tv;enty  four 

cases  of  attitude  and  vertical  velocity  changes  vjere  then  selected  from 

flights  made  on  6  July  and  I8  July.  (The  portions  selected  v/ere  those  where 

there  was  comparatively  little  change  in  airspeed  and  where  the  change  in 

vertical  velocity  of  the  glider  appeared  to  be  due  to  a  change  in  attitude). 

/in  example  is  shown  in  Fig.  Ic .  The  wavelengths  of  the  24  cases  varied  from 

6  to  24  seconds  and  the  average,  for  each  day,  showed  that  the  conversion: 

factor  should  bc'  1.0. a,  =  0.032  to  0.037,-,  j.  •  A  factor,  =  0.034 

mm  ‘radians 

wa.'3  Goloctcd  and  is  probably  correct  to  within  +  25/»  for  these  two  days. 

This  .conversion  factor  is  also  dependent  upon  the  state  of  the  battery 
operating  the  artificial  horizon.  Moreover  when  the  attitude  of  the  air¬ 
craft  is  altered  and  then  returned  to  its  original  angle  the  artificial' 
horizon  docs  not  always  return  to  its  original  position.  There  is  also  a 
slow  drift  in  the  instrument.  These  problems,  cuid  their  effect  upon  the 
reduced  vertical  and  horizontal  wind  components  will  be  discussed  later. 

Dry  Bulb  Temperature :  Calibrated  by  the  Principal  Investigator  at  the  Dept, 
of  Meteorology,  Imperial  CoAego  during  a  period  of  one  month  after  the  field 
operations.  The  relative  accuracy  (c.g.  on  any  one  pass  through  a  thermal) 
can  be  taken  as  +  0.02°C  and  tho  absolute  accuracy  (c.g.  comparing  tempera¬ 
ture  of  20°C  vdth  8°C)  as  +  0.03°C. 

V/ot  Bulb  Depression:  Calibrated  by  Principal  Investigator  at  Dept,  -of  Meteor¬ 
ology,  Imperial  College  during  a  period  of  one  month  after  the  field  investi¬ 
gation.  ..  sn'iall  ro-circulating  vmid  tunrcl,  where  the  moisture  content  of 
the  air  could  be  kept  constant  for  a  reasonable  length  of  time,  was  used  for 
the  calibration.  There  is  a  slow  drift  in  the  zero  setting  of  the  instrument 
with  time.  The  relative  accuracy  of  readings  taken  during  any  one  run  is 
+  0.025°C  when  the  change  is  less  than  about  2°C  and  +  0.05°C  v/hen  the  change 
is  greater  than  2°C.  When  comparing  tho  absolute  value  of  readings  obtained 
at  the  beginning  cmd  end  of  a  two  hour,  flight  the  accuracy  would  bo  +  0.1°C, 


BEDUCTIOr;  OF  DATA  . 

From  the  above  instruraonts  wo  wish  to  obtain  values  for  the  following: 


Dry  Bulb  Temperature 

Dry  Bulb  Potential  Tonperaturo 

i/ct  Bulb  Temperature 

Virtual  Potential  Temperature 

Mixing  Ratio 

Relative  Humidity 

Vertical  iVind  Velocity 

Horizontal  'wind  Velocity 


Dotation  Units 


MR  grans/kilogram 

RH 

W  m/s 

U  m/s 


Reduction  of  Temperature: 


Portions  of  a  flight  where  temperature  data  only  was  obtained  (i.c  tow, 
descent,  spiralling  in  thermal)  were  handled  separately  from  those  portions 
where  velocities  were  also  required  (i.o.  pass  through  thermal). 

The  desired  values  of  temperature  and  humidity,  etc.  were  computed  from 
the  following  formula  (from  Handbook  of  Meteorology,  19^5  and  Smithsonian 
Meteorological  Tables,  6th  Edition,  1951)* 


The  dry  bulb  was  corrected  for  instrument  error  from  the  indicated  read¬ 


ing  t^^  to  t^  by  hand  calculation.  Then  further  correction  for  airspeed  gave 

t^=  tfj  -  (0.  Cb86S  Vir-ph)^.  Then  ’  ^ 

'D  ■  ^d  ^  273.16  =  dry  bulb  temperature,  A 

T,,,  =  T_  -  (t,  -  t  )  -  wet  bulb  temperature,  °A  . 

V/  D  d  ,  w 


virtual  temperature, 

=  dry  bulb  potential  temperature,  °A. 
=  virtual  potential  temperature,  °A 


MR  =  lOOOw  --  =  mixing  ratio.,  gr/l-an. 

c  / 

RH  =  '  =  ralativc  humidity. 


where  . 

c  =  -  Ae  =  c  -  0.00066(1  +  O.OOII5  =  vapour  pressure 

c' =  saturation  vapour  pressure  at  wet  bulb  temperature, 
c  =  saturation  vapour  pressure 


In  s 

6.105 


25.22 


5.31  In 


(For  e^  replace  c,,  by  c  and  Tjj  by 


and 

p  =  p  (  1  -  ^ft]  ^4/3  =  1013.2  (l  -  •0^^9812 

o 

=|prosBurc,  millibars 

The  following  quantities  were  printed  out:  time  (hrs.,  min.,  sec.), 
pressure  height  (metres),  pressure  (millibars),  dry  bulb  temperature,  dry. 
bulb  potential  temperature,  virtual  potential  temperature,  wot  bulb 

temperature,  mixing  ratio  and  relative  humidity.  . 

On  some  occasions  the  wot  bulb  potential  temperature  was  obtained,  from 
a  largo  scale  tcphigram,  using  a  combination  of  and  HR  or  t^,  t„^  and 
pressure.  The  value  obtained,  is  correct  to  +  0.1*^C. 

The  following  tabic  gives  the  changes  in  ©p,  0^,  etc.  duo  to  changes  in 
height,  temperature,  v/ot  bulb  dopression,  etc.  (in  the  range  of  conditions 
in  which  the  values  wore  obtained),. 


PRODUCES  CHAEGE3  IN 


change  in 

HR 

t.. 

t 

of 

D 

V 

gm/km 

D 

V/ 

°C 

°C 

°c 

airspeed 

+  1  mph 

?  0.01 

+  0.01 

.00 

+  0.01 

+ 

0.01 

pressure  height 

+  10  feet 

+  0.05 

+  6.05 

.00 

0.00 

0.00 

^d' 

+  0.02°C 

+  0.02 

+  0.02 

+  0.01 

i  0-02 

+ 

0.02 

-  *»> 

+  0.05 

0.00 

+  0.01 

+  0.04 

0.00 

+ 

0.05 

Assumed  accuracy  (to  nearest  O.05) 


®D 

MR 

on  runs 

io.05 

io.05 

io.05 

on  soundings 

0 

0 

+  1 

1 + 

0 

0 

io.15 

Reduction  of  Velocities 


The  horizontal  and  vortical  wind  components  (U  and  W)  wore  obtained  from 
the  following  equations:’ 


V.  dv  2«  V. 


IV  =  C. 


u  =  c. 


g  dt 


.  -o  Vv) 

/«\  •  rv  .  ' 


Y  V-V.  +  S  (v-v  )  +  (V.-V*)  +  ^  -  -A.^1 

i  "  ''ill-  °  ^0  ‘  ^0  -ij 


or 


u  =  c 


(l  -  M  -  II  -  5^  '' 

=  S  ( -  ''i  • 


O  +  V 


i  (v  -  v_) 


>  S-M  -I-K 


whore  ^  > 

Cp  = — L££2_C]]2  j:  correction  for  density  (based  on  standard  atmosphere) 

=  speed  for  mininur,  drag  coefficient  =  constant  =  25-5  m/s 
vXq  =  angle  of  incidence  at  speed  for  min.  drag  coef.  =  const.  =  0.155  radians 


=  vert.  vol.  of  glider 


f  II  It  II 


”  =  const.  =  -O.85  m/s 


g  =  9.81  ni/s"^ 

=  indicated  airspeed,  m/s 
V  =  corrected  variometer  reading,  m/s  Jvj 


-A.  =  attitude,  radians 
t±n 

V*  =  K 


(_A-  =  C.  ) 

jv  mm 


=  C  V. ) 
u  1 


V. 

1 


2n  *  1 


t+n 

-yv*  = 


2n  +  1 


The  avorat;ing  interval,  2u+1 ,  varied  from  about  20  to  JO  seconds  (n  is 

'approx Ir.iatoly  equal  to  the  nuinbor  of  soconds  at  camera  upeod  of  abou!; 

2  fraines/tioc . ) .  ■  "  ' 

■-'ho  interval,  r,  was  such  that  the  vertical  acceleration  was  averaged 

over  1  to  2  seconds.  '  '  ’ 

The  programme  was  divided  into  two  portions:  an  intormodiatc  and  a  final. 

..fter  the  intermediate  computations  the  following  sets  of  data  were  printed 

out:  time  (in  seconds  from  start  of  run  where  t=0) ,  V.  (m/o) ,  V'*  (n/s) ,  A.* 

X  nun 

L,  K,  N,  H  (meters),  ^(t^  -  t^_^)v  +  (meters).  •  • 

This  latter  figure,  the  integration  of, the  variometer,  was  computed  in. 
order  to  check  the  conversion  factor,  C^,-  which -yyas  originally  determined 
by  hand . 

Correction  factors,  K,^ -and  K  ,-  were  inserted  in  the  final -program  in 
case  it  was  felt,  after  examining  a  dozen"  or  so  runs  after  the  intermediate 
program,  that  C  and  C  had  boon  dcterinined  .incorrectly.  For  example,  C 
was  originally  estimated  from  hand  computations  to  be  1.25.  ..ftor  exami¬ 
nation  of  ^(t^  -  +  Hq  it  was  decide.d  that  a  more  accurate  figure 

■  would  bo  1.20,  making  =  O.96. 

The  following  seta  of  data  were  printed  out 'after  the  final  computations: 
time,  V  (m/s) ,' W  (m/s),  U'(m/s),"6p,  0^,  I'iB,  RH,  tp. 


Example  of  reduced  data  .  •  *  •  •  •  • 

The  following  tables  give  an’  example  of  original  data  and  reduced  values 
printed  out  after  the  intorraodiato  and  final  programs.  ■  ' 


Imput 

Day 

Flight 

Run  C 

V 

.  C. 

4k 

n 

18 

3 

3  +”1 .2 

-.034 

+1.06 

50 

time 

.  «ft 

'd 

^^Kiph 

V. 

1 

,  -A.  mm 

0 

/^095 

6.85 

1.45 

49.3 

-.7 

5.75 

.7 

4095 

.  6.85 

1.4 

49.4 

-  .55  , 

5.5 

1.2 

4095' ' 

6.35 

1.35 

49 

-.5 

5.5 

1.7 

4o95 

.6.87 

•I.  3 

49 

-.5 

5.5 

2.2 

.4095 

6.37 

1.35 

49 

-.5 

5.5 

5 

4090 

6.87. 

1.35 

49 

-.5 

5.75 

5-5 

4090 

6.9 

1.35 

48.6 

-.5 

5.75 

Output  after  intormodiatc  procraKi: 


V  =  25.36 


time 

,  V  • 

V* 

..A.^ 

L 

M 

4' 

H 

(t.- 

0 

22.26 

22.26 

5.75 

+0.03 

+0.00 

-0.00 

1248 

1248 

.7 

22.08 

22.08 

5.53 

+0.04 

+0.00 

+0.06 

1248  • 

1247 

1.2 

■  21.90 

22.01 

5.55 

+0.03 

-0.05 

+0.04 

1248 

1247 

1.7 

21.90 

21.95 

5.61 

+0.01 

-0.01 

+0.08 

1248  ’ 

1247 

2.2 

21.90 

21.84 

5.72 

+0.00 

+0.01 

+0.17 

1248 

1246 

3.0 

21.90 

21.84 

5.86 

-0.00 

+  0.02 

+0.08 

1247 

1246 

3.5 

21.72 

21.90 

5-92 

-0.02 

-0.04 

+0.15 

1247 

1246 

39.7 

22.53 

.  23.53 

3.40 

-0.08 

-0.21 

-0.46 

1215 

1218 

40.2 

23.24 

25.33 

3.41 

-0.10 

-0.02 

-0.66 

1213 

1218 

40.7 

25.24 

23.35 

3.43 

-  0.06 

-O.03 

-0.45 

1212 

1217 

41 .2 

24.59 

23.37 

3.45 

+0.07 

+0.34  • 

-0.04 

1212 

1216 

41.7 

25.21 

23.39 

3.46 

+0.24 

+0.52 

+0.40 

1212 

1215 

42.2 

25.94 

23.44 

3.48 

+0.35 

+0.74 

+1.08 

1212 

1215 

43.0 

24.94 

23.48 

5.48 

+0.52 

+0.42 

+1.68 

1213 

1215 

43.5 

24.94 

23.52 

3.48 

+0.19 

+0.41 

+1.26 

1215 

1215 

Imput  before  final  proRran: 


=  1.00 


K.  =  1.00 


time 

V 

w 

u 

9 

D 

®v  • 

ME 

RH 

0 

-0.84 

-0.01 

+1.17 

291 

.01 

292.05 

5.77 

0.82 

6.66 

.7 

-0.66 

+0.13 

+1.36 

291 

.01. 

292.04 

5.82 

0.82 

6.67 

1.2 

-0.60 

+0.22 

+1.56 

291 

.02 

292.05 

5»86 

0.85 

6.67 

1.7 

-0.60 

+0.14 

+1.54 

291 

.04 

292.08 

5.91 

0.84 

6.69 

cl  .2 

-0.60 

+  0.01 

+1.50 

291 

.04 

292.07 

5.87 

0.85 

6.69 

3.0 

-0.60 

+0.10 

+1 .46 

291 

.03 

292.06 

5.87 

0.83 

6.69 

3.5 

-0.60 

+0.08 

+1.63 

291 

.06 

292.09 

5.83 

0.83 

6.72 

tine  ^  W  U  0y  MR  RH 

39.7  -1.03'  +0.>f  +1.26  291.12  292.55  6.89  0.95  7.11 

40.2  -1.26  +0.17  +0.62  291.10  292.31  6.84  0.94  7.10 

40.7  -1.44  -0.19  +0.70  291.09  292.50  6.84  0.94  7. 10 

41.2  -1.56  -0.95  -0.85  291.07  292.27  6.82  0.94  7.07 

4t.7  -1.53  -1.22  -1.68  291.08  292.28  6.83  0.94  7.08 

42.2  -0.72  -1.55  -2.75  291.10  292.50  6.84  0.94  7.'10 

45.0+0.00  -0.95-  -2.23'  291.12  292.35  6.85  0.94  7.12 
43.5+0.60+0.02  -2.54  291.11  292.50  6.74  0.93  7.09 


Estimation  of  Accuracy 


Fig.  2  shov/s  the  velocity  data  from  the  first  half  of  Run  34  18  July 
1961,  Flight  5  (part  of  which  is  given  in  the  tables  above).  The  accuracy 
of  both  the  horizontal  and  vortical  wind  components  is  limited  by  the  ac¬ 
curacy  of  the  artificial  horizon.  This  instrument  was  read  to  the  nearest 
C.25  mm;  in  terms  of  vertical  velocity,  an  error'  of  -0.25  mm  corresponds 
to  about  -  0.20  m/s.  /aiothor  -  0.2  n/s  error  may  bo  introduced  when  atti¬ 
tude  changes  are  comparatively  groat,  due  to  a  possible  error  in  the  con¬ 
version  factor,  C..  .'n  even  greater  error  in  the  vertical  velocity  can 

occur  when  there  are  rapid  changes  of  attitude. 

.n  example  is  shown  at  t  =  40  to  44  seconds  on  the  diagram  and  is 
typical  of  what  happens  after  an  abrupt  change  in  airspeed.  Starting  at 
t=i39.2  there  is  a  sharp  increase  in  the  airspeed.  This  is  followed  one 

second  later  by  a  "nose— Up  position  of  the  glider’s  attitude  (a  de- 

mm 

creases)  -  due  either  to  the  pilot  inadvertently  pulling  back  the  stick 
or  to  the  response  of  the  aircraft  to  the  horizontal  gust.  One  second 
later,  at  t  =  41.2,  the  glider  starts  to  climb  (or,  more  correctly,  sink 
loss  rapidly).  It  appears,  although  we  cannot  be  certain,  that  the  vor¬ 
tical  velocity  changes  between  t=4l  and  t=46  are  due  to  a  change  from 
kinetic  to  potential  energy.  Because  there  is  a  tendency  to  bo  slightly 
out  of  phase,  the  accuracy  of  the  resultant  wind  speed,  "W,  is  decreased 
as  the  amplitude  and  frequency  of  the  attitude  change  is  increased. 

The  running  moans, a.*  and  V*,  v;oro  averaged  over  approximately  20 
seconds  except  at  the  beginning  and  end  of  the  run  when ,  for  example ,  the 
mean  at  the  second  point  was  the  average  of  only  three  points.  This  is 

I  ■ 

satisfactory  v/hen  th^  attitude  and  airspeed  changes  at  the  beginning  and 
end  are  small,  but  additional  error  is  introduced  when  they  arc  largo. 

In  these  cases  and  V*  were  extended  from  about  ton  seconds  to  give  a 


snooth  Elope,  and  values  of  "M"  and  "K"  iverc  determined  by  hand  and  used 
to  adjust  the  machine-computed  valued  of  \'J  and  U.  • 

The  error  introduced  in  U'  due  to  ah  error  of  -  1.0  mph  is  only  about 
-  0.1  m/s  and  is  comparatively  negligible. 

It  is  not  possible  to  state  the  exact  accuracy  of  the  vertical  speed, 
In  general  an  accuracy  of  -  0.4  r.i/s  ivas  assumed  except  immediately 
after  rapid  and  largo  changes  of  airspeed  and/or  attitude.  On  a  number 
of  runs,  whore  the  changes  in  Vi  and  U  (or  V)  are  less  than  about  2.0  m/s, 
it  is  probably  safe  to  assume  the  accuracy  is  at  least  as  great  as  -  O.J 
m/s.  ho  attempt  has  been  made,  and  perhaps  should  not  be  made,  to  study 
the  small  scale  fluctuations. 

Ko  attempt  will  bo  made  to  ascertain  the  accuracy  of  the  absolute 
value  of  U.  It  should  bo  safe  to  assume  that  the  changes  in  the  hori¬ 
zontal  wind  over  comparatively  short  periods  are  accurate  to  about  +20^^ 
(but  never  greater  than  -  0.4  m/s),  when  determining  net  inflow  or  out¬ 
flow  into  the  thermal  conclusions  wore  not  drawn  unless  the  graph  of  both 
U  and  V  indicated  a  significant  not  flow. 

On  some  of  the  graphs,  mostly  those  whore  there  arc  comparatively 
largo  attitude  changes,  both  Vi  and  v,  and  U  and  V,  wore  plotted. 


Part  III 


THE  DAT.* 


18  Jul,\ 


Pour  flights  wore  inadc  on  this  day.  Pertinent  information,  including 

ground  and  flight  obsorvatiohs  are  given  below.  Times  are  British  Summer 

Time  (uiiT  +  1  hour). 

Site:  Lasham,  Hampshire 

Porccast:  0  -  5/8  str.  cu  increasing  to  5/8  cu,  base  9OO-I5OO  r-’*?  tops 

2.000  -  2^00  m.  ,  showers  unlikely 

0750  cloud  nil,  wind  slight 

0900  small  Cu  forming,  base  7  “  900  m.,  surface  wind  N  2-3  knots,  at 
cloud  base  10  knots  n'w 

0920  cu  increasing  very  rapidly,  cover  increased  from  1/3  to  5/8  in 
10  minutes 

G9'fC  cu  increased  to  6/8  cover,  bvase  about  300  m;  wind  at  base  lilHV 
10  knots 

1030  cu  cover  decreased  to  5/8,  base  about  900  m.;  tops  about  1200  r. , 

1104  glider  takes  off;  visibility  6-8  miles,  surface  wind  II  5“8  kts., 

cloud  base  975  m.,  cover  5/8,  tops  of  smaller  cu  observed  at  1100m. 

1136  ■  glider  lands 

1145  glider  takes  off  for  Plight  2;  good  I'ft,  and  dov/n,  encountered  on 

tow;  from  ground  cu  seen  to  be  gi'owing  quite  rapidly  to  about  1500m. 

1218  glider  lands 

1230  cu  increasing  in  size  o.nd  giving  6/8  cover 

1240  glider  takes  off  for  Flight  3*  cloud  base  about  1525  cover  in¬ 

creasing  to  7/8,  wind  at  ground  1-2  kts. 

1250  some  cu  flattening  out  into  strato-cu,  some  forming  well  and  going 
to  1600-1800  m. 

1300  nearly  solid  spread- out  of  cu  above  glider 


1525 

1530- 

1500 

1530 


glider:  lands 

strato-cu  about  13-1400  m. ,  nearly  complete  cover,  lift  marginal 
7/8  overcast,  some  cu  ur.dorncath,  .surface  wind  N  8-10  Icnots 


1600  glider  takes  off  for  Flight  4;  cover  decreased  to  about  5/8;  dark 
and  overcast  to  NVI,  ill-dcfincd  base  about  1400  m.,  visibility 
3-5  miles.  From  ground:  one  or  two  larger  cu  dovolope  to  about 
2000  m.  but  flatten  out. 


l644  glider  lands 

1700-  cloud  broke  up  (from  about  16OO)  and  cleared  during  late  afternoon 
and  evening 
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Fig.  3  18  July  ’61  Flight  2 

The  diagram  opposite  shows  data  obtained  during  six  traverses  through  ■ 
a  thc-rnal.  Runs  2,  5i  and  6  wore  made  at  heights  fron  SO'l  n  to  600  ni 

through  one  thermal.  Runs  7  and  8  were  made  through  a  different  thermal 
at  heights  from  4^4  to  588  m. 

Tlio  scale  used  is  the  same  for  all  diagrams: 

17,  vortical  wind  speed  1  cm  -•  2.0  m/s 

MR,  mixing  ratio  1  cm  =  O.5  gr/km 

^  Qy,  virtual  potential  tem^oerature  l.cr.V  =  0.5^  .. 

Oj,,  dry  bulb  potential  tv-mporaturc  1  cm  =■  C.5°  A 

U,  horizontal  wind  speed  1  cm  =  2.0  m/s 

(positive  in  direction  of  glider) 

In  some  cases  V,  airspeed  of  glider,  has  boon  plotted.  In  Run  8  the 
vortical  speed  of  the  glider,  v,  has  been  plotted j  taking  the  normal  sink- 
ing  speed  into  account;  i.e.,  if  there  wore  no  corrections  for  attitude, 

.  '  ■  ■  f.  •  .  ■  . 

airspoed  or  vortical  acceleration  then  the  .two  curves,  V.’  and  v,  would  coin- 

t  «»> 

cide. 

..11  are  plotted  vs.  time  (t  =  0  at  start  of  run)  and  1  cm  =  5  seconds 
or  approximately  120  meters.  The  altimeter  was  sot  at  IO15  mb  which  gave 
H  -  156  m.  at  airfield  elevation. 

Run  2  was  made  about  15O-20O  m.  below  cloud  base  under  a  small  cumulus 
that  had  just  recently  formed.  The  data  obtained  is  .typical  of  what  one 
would  expect  when  traversing  a  moderately  strong  thermal.  The  horizontal 
extent  of  the  cloud  above  is  shown  from  93  to  IO7  seconds,  i.e.  a  width  of 
about  340  m. 

Run  3  is  not  shown;  the  pass  was  not  made  through  the  centre  of  the 
thermal . 

Run  4  began,  or  rather  the  camera  was  turned  on,  when  passing  under 
the  southern  edge  of  the  cu  above.  The  vortical  velocities  are  still 
comparatively  high,  about  4  m/s;  the  horizontal  dimensions  of  the  cloud 
have  increased.  (It  should  be  noted  that  a  mark  is  made  when  the  glider 
is  directly  under  the  edge  of  the  cloud.  As  the  distance  between  the 
cloud  base  and  the  glider  increases  the  lift  that  is  encountered  is  dis¬ 
placed  upv/ind .  i' or  example,  when  heading  in  a  northerly  direction  the 
cloud  above  would  be  shown,  on  the  diagram,  to  the  left  of  the  area  of 
lift.  The  wind  at  cloud  base  was  NN'.V  10  knots.) 

There  is  a  region  of  comparatively  dry  air  (Run  4)  on  the  northerly 
edge  of  the  thermal;  there  is  a  decrease  of.  I.3  gr/km  in  about  36  motors. 


r,linir;iurii  value  of  5.4,gr/kr.i  .ia  rcaohod,  coRiparccJ  with  an  nvorago  value  of 
7.4  gr/kr.!  in  the  thermal.  If  the  run  had  boon  contihuod  it  ic  probable 
that  the  mixing  ratio  would  have  increased  fairly  rapidly  to  6.5  or  7.0 
gr/l<m.  There  are  a  considerable  number  of  cases  whore  tho  thermal  is 
surrounded  by  a  comparatively  narrow  belt  of  dry  air.  It’  can  be  argued 
that  t'nia  dry  air  must  have  come  from  above  cloud  base.  .  This  will  bo 
discuscod  later. 

Run  5)  t-iade  about  m.  below  base,  shov/s  a  considerable  decrease 
in  the  vortical  velocity.  The  glider  is  now  probably  v/cll  below  the 
main  part  of  the  thermal. 

V/hen  Run  6  was  made  it  was  noted  that  the  edges  of  tho  cu  above  were 
becoming  ragged.  There  is  a  definite  indication  of  inflow  from  the  hori¬ 
zontal  '.vind  speed  (positive  followed  by  negative  U  midway  through  the  re¬ 
gion  of  lift).  Compare  hR,  9^,  and  with  curves  obtained  in  Run  2. 

Run  7  wa.s  made  at  a  height  of  about  270  m.  above  tho  ground.  ..  glider 
was  spiraling  loss  than  50  m.  abbvo  and  this  glider  was  used  to  mark  the  , 
thermal.  There  is  no  correction  to  the  velocities  for  attitude.  *  (Tho 
artificial  horizon  had  been  turned  off.).  The  thermal  is  considerably  nar¬ 
rower  and  tho  temperature  excess  greater  than  that  encountered  in  the  pre¬ 
vious  thermal  500  m.  higher.  Ticre  is  an.  indication  of  outflow  but  one 
should  perhaps  not  put  too  much  emphasis  on  this  since  U  is  not  corrected 
for  attitude. 

Run  8  is  a  second  pass  made  through  the  same  thermal  about  50  m.  lower 
or  roughly  150  m.  lower,  relative  to  the  thermal  cap,  if  one  assumes  iso¬ 
lated  thermal  theory.  The  artificial  horizon  had  just  boon  turned  on; 
because  of  this  both  v  and  V  have  boon  plotted. 


Fipiuro  4 

The  so\indinES  n:ic‘io ,  during  Flight  2,  July  13,  while  on  tow  and  during 

deacon  I;  are'  nhown  oppoaito.  9j^,  9^j  and  HR  arc-  plotted  against  prossuro 

lu'ight,  H,  in  lectors.  The  height  of  the  airfield  is  157  n.  with  the  altimeter 

set  at  1015  mb.  (True  height  of  airfield  is  lyO  n.  ^^SL) .  The  range,  of  values 

obtained  for  9^,  9,,,-  and  HR  during  the  runs  are  plotted  at  their  mean  heights, 
i;  V 

..Iso  shown  in  the  figure  arc  values  obtained  during  the  first  part  of  Run  2 
auid  during  Run  9* 

Sounding ,  .  a.scent :  The  first  readings  wore  made  at  a  height  of  about  5  m. 
above  the  ground.  There  is  a  sharp  docroasc  in  the  potentia.1  temperatures 
and  mixing  i-atio  in  the  lowest  levels.  It  should  be  pointed  out  that  after 
the  glider  has  reached  a  height  of  50  -  50  tn.  it  is  no  longer  over  the  air¬ 
field  (grass,  with  dark  concrete  runways)  so  that  one  must  bear  in  mind  that 
temperatu'ros  recorded  at  l60  m.  are  over  a- different  region  than  those  taken 
at,  say,  250  m.  I. ever thcl css,  from  all  the  soundings  made  it  is  difficult 
to  discern  any  appreciable  super-auiabatic  lapse  rate  except  in  the  lower 
fov/  dozen  meters. 

The  glider  released  fi  om  the  tow  plane  in  clear  air  at  1080  m.,  just 
above  the  cloud  base.  Tlu.-  bases  wore  ill-defined  and  varied  roughly  30  - 
50  meters.  Tlio  first  run  (range  of  values  only  shown)  was  made  through 
the  base  of  a  small  cumulus  at  a  height  of  1040  -  IO55  m. 

The  first  half  of. Run  2  is  shown  at  the  top  of  the  figure.  /.  mark 
was  made  at  4  se'conds  to  cndicate  the  glider  was  passing  from  under  the 
edge  of  one  cloud  and  at  56  ond  57  seconds  to  indicate  flying  under  another. 
..gain  v/o  have  the  very  stoop  gradient  of  mixing  ratio.”  Tho  air  is  descend¬ 
ing  slightly  under  the  cu  .and  it  is  negatively  buoyant .  note  was  made 
that  the  cu  appeared  to  bo  in  the  dissapating  stage. 

Tho  thermal  oncounterod  during  Rxm  9  was  at  a  height  of  about  16O  m. 
above  the  ground.  The  data  is  not  continuous  because  tho  camera  was  op¬ 
erated  by  hand,  aiid  reduction  of  V/  was  by  hand.  Tliis  is  the  greatest 
temperature  excess  that  was  encountered.  . 
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Fig.  5.  18  July  Flight  1 

This  flight  was  made  just  prior  to  the  ono  previously  described.  The 
tow  was  continued  above  cloud  base  which  was  about  975  w*  The  tops  of  the 
sinaller  cu  extended  to  approxiraatcly  1100  rn. ,  a  few  had  risen  to  roughly 
1200  m.  It  was  quite  stable  above  the  ba.se  (slight' inversion  at  1100  in.) 
and  the  air  was  dry . 

Run  1  was  nade  through  the  top  of  a  cumulus.  One-  must  not  be  too 
ready  to  accept  tomporaturcs  takc-n  inside  cloud,  .and  for  2  or  5  seconds 
after  emerging,  but  those-  which  have  been  recorded  appear  to  bo  reasonable. 

The  tops  of  the  cu  arc  buoyant  only  v/ith  respect  to  their  immediate  surround¬ 
ings.  (IJote  that  mixing  ratio  sca.lo  has  boon  doubled  so  that  1  cm  =  l.Ogm/km) 

Run  2  was  made  through  two  cur.iulus  approximately  50  n.  above  their 
bases.  There  is  a  steep  gradient  of  the  mixing  ratio  only  when  entering 
the  first  cumulus,  h  moderately  strong  dovmdraught  and  a  comparatively 
large  temperature  gradient  were  recorded  after  emerging  from  the  second 
cloud. 

On  Run  3  there  appears  to  be  three  separate  regions  of  lift  under  the 
cumulus.  The  situation  is  not  clear  cut. 

On  the  descent  a  comparatively  wide  area  of  sink  (4  m/s)  was  encoun¬ 
tered  at  about  500  ra. 
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Fig.  6.  l8th  July  Flight  y 

Flight  5  made  about  noon  G.M.T.  The  lapse  rate  is  neutral  except 
for  the  unstable  ground  layer  and  the  stable  layer  near  cloud  base.  Cloud 
cover  had  increased  to  7/8,  due  to  spre^ing  out  of  cu.  WTiile  on  tow  it 
was  noted  that  base  was  roughly  134Cnp„V  however,  on  Run  1  the  glider  was 
in  cloud  at  about  1315  m.  At  1170  m  the  glider  was  towed  under  a  cu.  Values 
of  Qy,  0JJ  and  MR  are  plotted  vs.  time  (or  horizontal  distance,  1  cm  l40  ra) 
for  this  portion.  There  is  a  rapid  decrease  in  mixing  ratio  (about  1.0  gr/km 
in  30  metres)  when  the  glider  passes  under  the  edge  of  the  cloud  above. 

Run  1  was  made  above  cloud  base.  From  4  to  18  seconds  there  is  a  region 
of  lift,  (Vortical  velocity  scale  has  been  altered  so  that  1.0  cm  =  1.0  m/s. 
There  was  little  change  in  attitude  throughout  this  run  so  that  greater 
accuracy  was  achieved.)  There  is  an  indication  of  temperature  excess  and 
increased  moisture  content  (though  the  latter  is  slightly  out  of  phase). 

The  horizontal  velocities  indicate  a  region  of  outflow.  This  may  be  a  case 
of  the  glider  passing  through  the  top  of  a  thermal  in  which,  because  of 
dryer  air  mixing  in  the  thermal  cap,  the  moisture  content  is  not  high  enough 
to  form  cloud.  Several  times  the  writer  has  encountered  weak  lift  in  clear 
air  above  cloud  base.  The  gliders  position  can  bo  maintained  for  about  a 
minute  as  condensation  slowly  takes  place  around  the  aircraft.  Lift  then 
increases  and  the  glider  can  rise  in  the  newly  formed  cu. 

In  the  latter  part  of  the  Run  cloud  v/as  entered  at  1355  m* 
kun  3  is  the  same  as  that  given  in  the  previous  section  on  data  reduc¬ 
tion.  During  the  run  a  note  v/as  made  that  the  cloud  above  v;as  in  the  dissi¬ 
pating  stage.  The  data  obtained  corroborates  the  observation.  Insignificant 
lift  was  encountered  and  there  is  a  definite  indication  of  inflow.  The  cloud 
above  was  the  same  as  that  entered  during  the  latter  part  of  Run  1.  (The 
2nd: run  to  the  NE  is  not  shown;  it  was  started  just  after  the  edge  of  the 
cu  had  been  passed.)  when  the  glider  emerged  from  under  the  NW  edge  a  similar 
drop  in  mixing  ratio  was  encountered. 

At  the  time  of  Run  5  there  v;as  a  nearby  complete  spread  out  of  cumulus 
above.  Wo  still  encounter  the  comparatively  narrow  bands,  or  pockets,  of  dry 
air.  It  is  believed  that  these  pockets  have  descended  from  the  relatively 
dry  region  above  cloud  base.  They  appear  to  be  more  prevalent  during  the 
latter  stage  of  a  thermal's  rise,  i.c.  well  after  cloud  has  formed.  The 


steep  gradient  and  narrow  vjidth  indicate  that  there  has  been  comparatively 
little  mixing  between  the, dry  descending  air  and  the  moist  ascending  air. 
Taese  pockets  extend  at  least  300  m  below  cloud  base. 

Run  5  continued  longer  than  shown  but  the'”camera  unfortunately  ran  out 
of  film.  During  the  latter  part  of  the  run  (not  shown)  the  glider  flew 
under. "a  fairly  dai'k  base"  where  a  v/ide  area  of  lift  was  encountered. 

■Temperatures  were  noted  on  the  ascent.  The  dry  bulb  potential  varied 
from  291.0  to  291.3*^A  and  MR  from  6.0  to  7.0  gr/km  betv/een  250  and  500 
metres . 
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Cloud  base,  MR,  and  6^^  vs  time 

It  is  of  interest  to  summarise  the  temperature  and  mixing  ratio  obtained 
■luring  the  first  three  flights  on  July  l8,  from  1100  hrs.  to  about  I3OO  hrs. 
B3T.  .During  these  two  hours  the  cloud  cover  increased  from  5/8  to  7/8,  and 
the  cloud  depth  from  200  metros  to  very  roughly  500  m;  at  the  latter  time, 
however,  the  majority  of  the  cover  was  due  to  "spread  out"  of  strato-cu. 

The  cloud  base  was  observed  at  four  times;  as  stated  previously,  it 
was  ill-defined.  Dry  bulb  potential  temperatures  and  mixing  ratios  that  v/ere 
encountered  v;hen  traversing  thermals,  either  on  runs  or  during  soundings,  have 
been  used  to  compute  cloud  base  (assuming  parcel  theory).  These  computed 
values  have  been  displaced  in  time  to  allow  for  the  thermal  to  reach  conden¬ 
sation  level.  A  rate  of  rise  of  100  metros/  minute  v;as  assumed.  A  linear 
line  has  been  drawn  through  the  points  giving  a  rise  of  cloud  base  of  about 
200  m  per  hour. 

The  maximum  mixing  ratio  observed  at  ground  level  is  roughly  constant 
with  time;  there  is  3xx  increase  and  then  leveling  off  of  dry  bulb  potential 
temperature.  All  measurements  at  "grovtnd  level"  Were  taken  when  the  glider 
had  reached  an  airspeed  of  about  20  m/s  and  the  instrument  a  height  of  roughly 
2  metres.  The  maximum  values  were  always  recorded  below  about  15  metres  over 
the  airfield.  (During  take-off  and  landing  the  glider  samples  only  a  small 
portion  of  air;  the  maximum  values  recorded,  therefore,  are  not  necessarily 
the  maximum  values  over  the  airfield  at  that  time.) 

The  mixing  ratio  and  6^  values  used  to  compute  cloud  base  are  plotted. 
There  is  a  decrease  of  about  0.15  gr/km  per  hour  in  the  mixing  ratio.  The 
mirtimum  HR  values  obtained  during  the  soundings,  which  are  also  plotted, 
show  a  greater  decrease  with  time.  Only  two  points  of  minimum  MR  above  cloud 
base  are  shown.  It  was  only  on  two  occasions  that  the  glider  was  towed  to 
sufficient  height  above  the  base . 

The  decrease  of  HR  in  the  middle  levels  suggests  that  the  relatively 
dry  air  above  cloud  base  has  descended  adjacent  to  the  rising  thermals  and 
that  this  dryer  air  was  eventually  mixed  into  latter  thermals. 


.  ^  Fig.  8.  18  July  1961  ,  Flight  4 

.  Flight  4  was  made  later  in  the  afternoon,  from  1602  to  1644,  primarily' 
to  make  a  sounding. 

Visibility  was  poor,  about  4  miles,  and  cloud  cover  began  to  decrease 
from  7/8  to  about  5/8. 

From  1000  m  to  1100  n  a  pass,  v/hile  still  on  tov;,  was  made  under  a  cu 
and  the  values  obtained  arc  plotted  on  the  diagram  (l  cm  =  1.0  gr/km;  1  cm  = 
1.0°A;  1  cm  =  10  seconds).  Cloud  base,  which  was  ill-defined,  was  observed 
at  about  1400  m.  The  range  of  values  obtained  during  the  first  run  after 
release  are  plotted  on  the  ascent  sounding  at  I36O  m. 

There  were  areas  of  weak  lift,  and  soaring  was  possible.  The  values  at 
1150  m  on  the  descent  sounding  wore  obtained  while  spiraling  in  a  thermal. 

A  dry  bulb  potential  temperature  of  291«8°A  and  mixing  ratio  of  6.7  gr/km 
give  a  computed  cloud  base  of  1450  m. 

In  the  lower  levels  9^  and  MR  are  not  plotted  because  the  instrument  j 
measuring  wet  bulb  depression  was  off-scale  (greater  thaii  5°C) .  The  circles^ 
at  about  8OO  and  600  metros  denote  the  maximum  possible  values  of  Oy  and  I'ffi, 
i.e.  (tp-ty^)  was  taken  equal  to  5*0°C^ 


Three  flights  were  made  on  this  day.  Ground  and  flight  observations 
are:  given  belov;. 

After  an  overnight  rain  there  v/as  stratus  covering  most  of  the  sky  at 
0730.  During  the  next  hour  there  v/as  some  clearing  and  cu  began  to  form  at 
about  800  m.  Cu  increased  rapidly  and  at  O9OO  there  was  6/8  cover,  with 
some  alto  cu  above  it.  Jind  E  to  KE  5  kts. 

Forecast:  5/8  strato-cu  at  900  m  rising  at  1500m.  Strong  inversion 
at  650  mb  and  above  that  unstable  air  up  to  tropopause.  Showers  predicted 
later.  Winds  10  -  12  knots. 

1030  low  strato  cu  gradually  burnt  off  leaving  4/8  cu. 

1150  wind  NE  5-10  kts;  small  cu  now  well  formed  —  each  separate,  remain¬ 
ing  shallov/. 

1218  glider  takes  off  for  Flight  1;  cloud  base  about  1150  m,  wind  NE  10 
kts. 

1259  glider  lands  ^  . 

1315  glider  takes  off  for  Flight  2;  4/8  small  scattered  cu,  base  1200. 

1400  cu  thickening  and  becoming  more  spread  out. 

1455  glider  lands. 

I5OO-17OO  cu  gradually  decreasing  until  17OO  when  only  one  broken  line  of 
shallow  cu  deserved  to  east. 

1655  glider  takes  off  for  Flight  5* ,  'Wind  at  cloud  base  NNE  10  kts.,  cloud 
base  1400. 

1745  glider  lands.  .  .  '  ■ 


Fig.  9*  19  July  Flight  1. 

Tho  soundings  arc  similar  to  those  obtained  the  previous  day,  i.o. 
unstable  layer  in  lower  few  dozen  metros,  roughly  adiabatic  in  middle  3evel 
and  stable,  dry,  layer  near  cloud  base.  The  X's  on  the  ascent  sounding  mark 
values  obtained  after  the  glider  had  released  from  tow.  Cloud  base  varies 
about  50  metres.  At  1150  m  a  pass  was  made,  while  on  tow,  under  a  cumulus 
and  the  values  obtained  arc  plotted.  Temperatures  from  800  to  500  m  on  the 
descent  were  obtained  v;hilo  spiraling  in  a  region  whore  there  were  no  clouds 
above .  ‘  ■ 

From  1235  to  1240  BST  the  glider' spiralled  up  in  a  thermal.  KR) 
and  are  plotted. vs  height  and  the  height  of  the  glider  is  plotted  vs  time. 
The  X's  denote  values  obtained  just  prior  to  entering,  and  after  leaving,  the 
thermal.  Tiio  glider  entered  cloud  at  1100  m  and  broke  off .  the  climb  at  1190m. 
The  slope  of  H  vs  time  is  fairly  constant  and  indicates  a  rate*  of  rise  of  2.3 
m/s.  Since  the  glider  v/as  sinking  about  1.0  m/s  the  air,  in  which  the  glider 
was  spiraling,  was  rising  about  3.3  m/s.  The  time  token  for  a  360®  turn  was 
25  seconds  which  gives  a  turning  radius  of  about  90  m. 

Runs  2  and  3  wore  made  through  the  sane  thermal;  Run  2  through  the  base, 
Run  3  under  the  base.  At  1242  BST  it  appears  that  the  thermal  had  risen  well 
above  the  height  of  the  glider;  vertical  velocities  and  temperature  excess 
measured  during  Run  3  arc  negligible .  This  is  one  of  the  few  cases  where 
dryer  air  was  not  observed, at  the  edge  of  the  thermal.  At  1242  BST  it  v;as 
noted  that  "edges  of  cu  above  are  ragged  but  it  still  looks  good  under  base". 

A  minute  and  a  half  later  the  glider  went  back  under  the  cu  to  search  for 
lift  but  "only  found  small  patch  with 'max.  of  2.0  m/s".  The  range  of  values 
obtained  at  this  time  arc  plotted  at  975  m;  the  range  of  values  obtained 
during  Runs  2  and  3  are  shovAi  at  IO9O  and  990  m  respectively. 
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Fig.  10  '  19  July  ,  Flight  2 

At  the  start  of  Flight  2  there  v/ac  4/8  small  scattered  cumulus,  base 
10  knots  NE. 

On  the  ascent  sounding  only  is  plotted  bclov;  200  m;  (tj^  -  t,,^  was 
greater  than  ^.0°.  A  pass,  made  under  cloud  while  on  tow,  is  shown. 

The- descent  sounding  was  made,  from  900  to  about  jOO  m,  while  spiral¬ 
ing  in  a  dovmdraft. 


Fig.  11 


19  July 


Flights  Runs  3  (5, 6. 


„  the  end  of  FUeM.  a  tXd  nrtitiolal  horizon  stopped  dno 
,,0te  .  Ln  «.e  nuns  none  ande  tUe  inatn».c.nt  nns  - 

:  Lonsdon  fseton,  C,,  nppenns  to  te  diffenent  fno„  ^  ^  : 

is  .tolysis  of  =>""  ohnnues  endfonte  that  , 

‘  ^  ^  1  n  O'^'S  ‘  A  v-luc  of  0.034  had  boon  used  for  tho  machine 

=,uel=  0PPr-»te  y  .  o  •  th.. applied,  W  tod,  to  to 

::::::  riuls  If  connootton  ..  not  oppued  to  .^0  .onisontm  speed, 

•  A  \i  Vi'-a  been  plotted  for  all  runs. 

U-  therefore  the  airspeed,  V,  ho.o  eccn  i 

’  Id.  •  i-v,c  upper  loft  portion 'of  tho  diagram,  was  made  when  h. 

Tho  sounding,  m  the  upper  loii- 

•  T  in  a  thorm-l  from  800  to  lOOO  m.  The  climb  was  made 
glider  was  spiraling  in  a  thcrm.-i  iron  ^  +v,n 

,  (tp  a''Mi  TV\f*  rl  ouc  t  h.cxK^t  vs  ti-Ac  I  f\no 
under  a  "lino  of  cu  running  UE-oJ".  Tho  elope,  neig. 

Tnnf  indicate  that  tho  thermal  was  not  properly 
scatter  of  tomporaturo  values  indicate  .  v  f  t  m/s-  over 

u  i-  for  tho  POO  m  is  about  1.25  m/s,  over 

centered.  The  achieved  rate  of  climb  for  the  -uu  m  , 

shorter  pirtlons  rouehly  1.75  Vt  v,r.s  obtainod.  _  ,  . 

Iho  elidcr  broke  oft  tho  olto  at  WOO  o  and  than  proooodod  to  ».J.o  run 

(nos  3  4,5,6)  under  to  lino  of  cumulus.  Tho  !ata  obtalnod  indioatos  a 

lol;  ll  lino.  Of  thormals  rathor  th,.„  an  individual,  isolatod  thormal. 
Ihtilal  volooitios  tend  to  ooinoido  v,ith  incroasod  virtual  tomporaturo,  eg. 
PuaVi^am  fe.  66  -condh  to  ond.  Bun  5  indicatos  that  tho  lino  is  oomposod 

of  two  primary  colls. 


Fig.  12  19  July  Flight  2 

Tho  figure  opposite  shows  the  data  obtained  v/hori  the  glider  was  spiral¬ 
ing  in  a  thermal  from  840  to  1560  m.  Cloud  was  entered  at  about  1^20  m. 

Mixing  ratio  and  potential  temporatures  are  fairly  constant  below  base; 
above  base  the  lapse  rate  is  bctv;cbn  the  v/ot  and  dry  adiabatic  (if  one  is  to 
believe  temporaturos  taken  inside  cloud).  The  crosces,  X,  indicate  values 
of  MR,  and  9^.^  after  the  glider  had  emerged  from  cloud  and  was  descending 
in  clear  air  adjacent  to  it. 

The  graph  of  H  vs  time  shows  a  rate  of  climb  of  about  2.8  m/s  at  9OO  m, 
2.2  m/s  at  1100  m  and- 0.8  m/s  at  I5OO  m.  ; 

Runs  A,  B  and  C  are  shown  below  tho  sounding.  Run  A  was  made  through 
tlio  cumulus  at  a  height  of  al>out  50  ra  above  tho  base.  Because  of  tho  faulty 
artificial  horizon  -and  the  fact  that  the  camera  was  not  running  continuously 
(operated  by  h.and)  vertical  velocities  have  not  been  plotted.  A  graph  of 
height  vs  time  and  tho  slope  of  the  normal  sinking  speed  are  shown. 

Run  B  was  made  about  50  m  below  base  and  Run  C  about  2^0  m  below.  Vor¬ 
tical  v/ind  speeds,  .7,  of  2  or  3  m/s  wore  obtained  below  cloud  on  both  runs. 

Tho  range  of  values  for  MR,  9jj,  and  9^^  that  •wore  obtained  during  tho  runs 
are  shovm  at  their  respective  heights  on  the  sounding.  At  920  m  tho  glider 
wont  under  tho  cumulus  again,  four  readings  wore  taken  and  the  range  of  those 
four  arc  shown  on  tho  sounding.  At  this  time  only  "patches  of  insignificant 
lift"  were  found. 

The  comparatively  low  temperatures  that  wore  recorded  on  those  runs  have 

probably  boon  noted.  Tlie  lov/ost  value  (289.55°  during  Run  C)  is  0.3°  lower 

than  any  recorded  on  the  ascent  sounding  1  hr.  10  min.  earlier  and  about  1.5° 

colder  than  those  obtained  when  spiraling  up  in  the  thermal.  These  low  values. 

can  only  bo  obtained  by  evaporating  tho  edges  of  the  cumulus  into  comparatively 

dry  air  and  bringing  tho  mixture  dov/n  400-600  m.  It  must  be  assumed  that  the 

values  of  MR  and  9^^,  that  wore  obtained  in  clear  air  above  cloud  base,  arc  note' 

typical  of  tho  air  in  which  tho  cumulus  edge  ovaporatod.  It  is  only  by  going') 

,  ,  j.  u,  .  hours 

back  to  the  ascent  sounding  made  on  the  first  flight,  about  two j(^oarlior,  that 

sufficiently  low  values  of  tho  mixing  ratio  (4.35  gt/km)  can  bo  found  to 

account  for  tho  low  temperatures. 
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SUI^MARY  OF  RUNS 


C  15 


The  table  opposite  summarises. the  values  obtained  during  runs  below  cloud 
base.  The  maximum  values  of  6^^,  and  W,  and  the  minimum  value  of  W,  are 

hot  peak  values  but  those  which  had  a  duration  of  at  least  two  seconds.  The 
delta  values  indicate  the  difference  between  2  second  minima  and  2  second  maxi¬ 


ma. 

The  diameter  of  the  thermal,  determined  from  the  velocity  pattern,  from, 
the  temperature  and  mixing  ratio  pattern  and  from  the  horizontal  extent  of  the 
cumulus  above,  is  given  in  seconds  and  should  be  considered  an  approximation 
only. 


•  C.omparison  with  isolated  thermal  model 

One  of  the  outstanding  features  of  the  model  is  that  the  vertical  velocity 
in  the  centre  of  the  thermal  is  about  twice  the  rate  of  rise  of  the  thermal  as 
.a  whole;  the  air  at  the  edge  of  the  thermal  is  descending  half  the  rate  and 
the  maximum  horizontal  velocities  are  roughly  equal  to  the  rate  of  rise  of  the 
thermal.  (The  difference  in  the' horizontal  velocities  encountered  by  a  glider 
would  be  tv/ice  the  rate.) 

Caution  must  be  used  when  comparing  the  values  in  the  table;  the  runs  were 
made  at  various  positions  in  the  vertical  (relative  to  thermal  cap).  If  one 
chooses  a  run,  e.g,  l8  II  2  thermal  5>  v;hen  it  is  believed  that  the  glider  was 
traversing  the  centre,  both  horizontally  and  vertically,  then  the  velocities 
encountered  compare  favourably  with  the  model. 

On  many  of  the  runs  there  is  a  comparatively  large  difference  between  the 
minimum^encountered  \yhen  entering  the  thermal  and  v/hen  leaving.  Selecting 
those  runs,  both  above  and  below  base,  when  it  is  felt  that  sufficient  time  had 
elapsed  on  both  sides,  we  find  that  in  five  cases  the  maximum  downdraft  occurred 
on  the  upwind  side  of  the  thermal,  and  on  the  dovmwind  side  in  six  cases.  (The 
wind  was  5“10  kts.  and  steer  negligible.)  On  thq6ther  hand  the  maximum  down- 
draft  occurred  when  leaving  the  thermal  in  8  out  of  11  cases. 

Another  feature  of  the  isolated  thermal  model  is  that  it  has  a  finite 
depth  and  that  a  region  of  outflow  is  found  in  the  upper  portion,  inflow  in  the 
:.bv/c'.r.  \'Jc  have  two  cases  of  inflow,  l8  II  6,  l8  III  3  (or  throe  cases  if  19  . 

II  6  is  included)  which  wore  obtained  when  it  was  confidently  felt  that  the 
.glider  was  in  the  lower  portion.  The  two  cases  of  outflov/  are  not  clear  cut 
but  it  is  felt  that  the  glider  v;as  in  the  upper  portion. 


The  formulae  used  to  predict  the  behaviour  of  the  isolated  thermal  and  a 
nomogram  are  presented  in  the  Appendix 
the  third  may  be  determined 
is  the  thermal  radius  and  W  the  rate  of  rise  of  the  thermal  as  a  whole.  Any 


Given  any  two  values  of  AT  ,  R  or  W  , 

v’  ,  cap’ 

AT^  is  the  average  virtual  tempbrature  excess,  R 


cap 


tv;o  quantities  will  also  determine  a  value  of  "k  "  which  remains  constant  through 

out  the  life  of  the  isolated  thermal  model.  It  is  of  interest  to  determine  the 

. . 

approximate  value,  or  range,  of  k'  from  the  data  obtained  during  the  runs.  The 
value  may  differ  from  thermal  to  thermal  but  it  is  reasonable  to  assume  that 
this  difference  would  not  bo  great  when  comparing  thermals  over  a  given  ter¬ 
rain  in  similiar  conditions. 

Vi/e  are  only  justified  in  taking  those  runs  whore  it  is  fairly  certain  that 
the  glider  traversed  the  approximate  centre  of  the  thermal,  i.e.  l8  II  2  and 
18  II  7.  The  AQy  values  given  in  the  table  arc  close  to  the  maximum  tempera¬ 
ture  excess.  To  establish  the  average  excess  it  was  arbitrarily  decided  to 
take  the  mean  of  AG^  from  the  entry  and  exit  columns  and  divide  by  two.  The 
radius,  in  metres,  was  obtained  from  a  combination  of  the  velocity,  tempera¬ 
ture  said  mixing  ratio  patterns.  The  rate  of  rise  of  the  thermal,  was 

determined  by  taking  one  half  of  the  2-soc.  maximum  V/. 

Those  throe  quantities  give  throe  points  on  the  nomogram.  A  single 
point  was  soloctcd  and  the  values  at  this  point  are  given  below. 
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Run  18  II  9  has  also  boon  included  although  the  position  of  the  glider 
relative  to  the  thermal,  both  horizontally  and  vertically,  is  not  known. 

The  height  of  has  been  determined  by  assuming  the  glider  is  in  the  cen¬ 

tre  of  the  thermal;  the  radius  has  been  added  to  the  glider's  height.  The 
height  of  the  thermal  above  the  theoretical  point  source,  Z,  is  determined 
from  the  nomogram  (Z  =  4R)  and  the  height  of  the  point  source,  Z^,  relative 
to  the  ground  is  then  established.  (Height  of  ground  is  15O  m.) 

Comparison  can  bo  made  with  data  oV'tainod  from  other  runs,  or  from  spiral¬ 
ing  in  a  thermal,  although  additional  assumptions  must  be  made.  On  July  19, 
Flight  II,  runs  'i,  5  and  6  wore  made  under  "a  line  of  cu";  it  is  therefore 

difficult  to  classify  the  thermals  as  isolated.  On  Run  3  there  is  an  indica¬ 
tion  from  the  vertical  velocities  that  there  is  a  primary  Coll  of  40  second 


diameter.  By  multiplying  40/2  by  the  average  speed,  V,  (22  m/s)  a  radius 

of  440  m  is  obtained.  The  average  temperature  excess  and  V/  were  deter- 

C3.p 

mined  by  applying  the  same  rules  as  above.  The  three  values,  surprisingly, 
give  one  point  on  the  nomogram  and  a  height  of  relative  to  the  ground  ■ 
•that  is  similar  to  the  above  cases. 

run  and  „  •  from  data  from  theory  height  Z  relative 

thermal  iiT  R  V;  ZT  R  W  k'*’  °f  Z  to  ground 

v  .  cap  V  cap  cap 

19  II  3,0  1000  .27  440  2.45  .274402.45  86  1760  -420 
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.35  310  2.30 
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-200 

Two  pi'imary  colls  are  apparent  in  Run  5*  If  v;e  take  each  separately 
LT  is  0.15°  for  one,  0.17  for  the  other.  The  radius  is  the  same  (24  m/s 
X  23  sec.  and  26  m/s  :<  2l).  '.i  is  the  same.  It  is  necessary  to  adjust  the 

C9,p 

values  to  arrive  at  a  single  point  on  the  nomograrii.  If  we  assume'  that  the 
thormal(s)  i.s  the  same  as  the  one(s)  traversed  about  four  minutes  earlier 
during  Run  3  then  we  cannot  assume  that  vve  are  passing  through  the  centre  of 
the  thermal.  Taking  isolated  thermal  theory,  the  cap  has  risen  about  500m 
in  250  seconds.  The  glider  is  125  m  lower;  the  cap  is  therefore  625  m  above 
the  aircraft.  Taking  Z=2000  m  we  arrive  at  a  theoretical  point  source  of 
650  m  below  ground . 

Even  more  assumptions  must  bo  made  when  comparing  data  obtained  during 
spiraling  in  a  thermal.  Because  the  vertical  velocities  are  greater  than 
the  rate  of  rise  of  the  thermal  the  glider  will  climb  relative  to  the  cap. 

It  will  roach  a  point  (dependent  upon  radius,  \l  ,  glider  performance,  etc.) 

C 

that  is  roughly  0.8  -  0.9  times  the  height  of  the  cap  above  the  point  source. 

It  can  maintain  this  relative  position  and  will  climb  0.3  -  O.9  time.s  the 
rate  of  rise  of  the  thermal. 

The  radius  cannot  be  obtained  from  the  data  .  For  thermal  9  above  the 

i'  , 

temperature  of  the  environment  was  not  recorded  prior  to  entering  the  thermal; 
it  was  necessary  to  estimate  the  average  excess  from  the  descent  sounding  and 
ot'ner  data.  Estimates  made  at  two  levels  give  a  radius  that  is  greater  at 
the  lower  level,  which  is  nonsense.  Data  for  thermal  iO  was  also  obtained  when 
spiraling  in  a  thermal. 

Too  many  conclusions  should  not  be  dravm,  especially  from  the  latter 
group.  It  is  surprising  however  that  there  appears  to  bo  such  close  agree¬ 
ment  between  the  observations  and  the  theory.  Assumptions,  out  of  necessity. 


have  been  made  but  the  same  "rulos"  have  been  applied  to  each  case  unless  there 
'was  sufficient  justification  for  not  doing  so.  v 

Additional  computations  were  made  to  determine  the  change  of  toinporature 
excess  with  height.  Ihe  difference  between  the  minimum  and  maximum  values  of 
0^,  0y,  and  liK  that  were  recorded  in  various  200  ra  depths  were  determined  from 
the  soundings  and  runs.  Tlic  levels  used  v/ero  200  -  400m,  3OO-5OO,  400-600, 
500-700 ‘ 900- 11  OCm  and  in  addition  ground  -  200m,  ground-'250m,  and  cloud 
base  +  ibOm.  Lach  sounding  or  group  of  runs  was  listed  as  one  case.  Averages 
were  determined  and  the  results  are  shown  on  the  diagram.  Tlio  number  of  cases 
arc  shown  in  parenthesis.  If  less  than  4  or  5  points  Wore  recorded  in  any 
level  on  a  sounding 'the  diffcronco  botween  the  values  wore  not  included.  This 
method  of  determining  the  change  of  and  ivIlR  with  height  is  based  on 

the  assumption  that,  during  soundings,  values  arc -recorded  both  in  and  out  of  . 
thermals.  This  assumption  is  not  necessarily  justified,  however  if  enough 
cases  arc  obtained  it  is  of  interest  to  see  if  any  pattern  omorges.  As  ox- 
poctod  th-_  greatest  temperature  differences  occur  in  the  ground  layer;  the 
increase  of  at  cloud  base  -  100  m  is  duo  to  stable  air  above  base,  the 
high  values  of  uliR  in  the  upper  levels  are  due  to  dry  air  above  base  and  dry 
air  that  has  descended  from  above  the  base. 

The  curve  of  A0^  is  remarkably  smooth.  To  compare  this  curve  y;ith  isolated 
thermal  theory  a  value  of  C.5°  at  5OO  m  and  a  80  were  solnctod.  The 

resultant  curve  (broken  line  on  diagram)  is  drawn  and  indicates  ci  greater  de¬ 
crease  of  tomporaturo  excess  with  height  than  tljo  mean  of  the  observed  values. 

The  above  computations  and  comparisons  have  been  included  in  this  report 
only  to  give  an  indication  of  how  the  data  may  be  applied  and  some  of  the 
problems  involved  when  comparing  the  observed  values  With  those  predicted 
from  isolated  thermal  thc'ory. 
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CONTOURS  OF  500  mb,  SURFACE 
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APi^ENDIX 

liay.^  of  Lashatn  Ai'oa  .  ,  '  ' 

Lashani  Airfield  is  situated  1°  OPJi'  west  and  51°  11'  north.  There  arc 
sovoral  small  villages  in  the  area;  Alton  is  the  only  town  within  5  miles; 
Basingstoke  lies  6  miles  to  the  NNIV.  The  wooded  areas  are  shown  on  the 
map,  the  remainder  primarily  being  cultivated  fields. 


:Contours  of  500  mb.  Surface- 

The  500  mb  charts  for  OCOO  hours  GiiT  on  1o  and  19  July  are  shown. 
;(ourface  charts  wore  not  available  at  the  time  of  compiling  this  report.) 
.(Dry  bulb  potential  temperatures,  mixing  ratio,* wind  direction  and  speed 
at  various  levels  are  given  for  Crawley,  the  nearest  statj.on. 
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Nomogram  of  Isolated  Thermal 

Givon  any  two  quontitioB,  ono  nay  obtain  tho  following  from  tho  nono- 

'  i-  '■  ■  ■  ' 

gram  opposite : 

R,  metres,  radius  of  isolated  thornal  (thin  solid  lines) 

2i,  metros,  height  of  thermal  cap  above  theoretical  point  source  (same  lines 
as  R) 

W  m/s,  rate  of  rise  of  thernal  cap  (dashed  linos,  slope  -45°) 

CClJ)  j 

AT^,  °C  or  °A,  virtual  temperature  excess  (thin  solid  lines) 

t,  seconds,  time  of  release  from  point  source  (dotted  lines,  slope  +45°C) 

\  \ 
k;  ,  see  oquatidins  below  (thick  solid  lines,  slope  1:3) 


Use  of  Momogran.,  example: 

Given:  R  =  250  m,  AT  =  0.5°C  : 

then  Z  =  1000  n,  W  =  2.5  m/s,  t  =  200  sec.,  =  70 

Tho  absolute  values  of  Z  and  t  are  of  no  immediate  use,  c.g.  Z  is  probably 

not  equal  to  tho  height  of  tho  thermal  above  tho  ground.  Let  us  suppose 

that  tho  radius  and  temperature  excess  wore  measured  at  H  =  800  metres  and 

that  we  wish  to  know  tho  height,  AT  ,  etc.  300  seconds  later.  Since  k 

remains  constant  throughout  the  life  of  the  thermal  vie  follow  k  =  70  up 

to  t  =  500.  The  average  temperature  excess  would  be  O.lj^C,  \'i  =  1.55m/s, 

ccip 

R  =  390  m.,  Z  =  1560  m.,  or  the  thermal  would  have  risen  76O  m.  ' 


jormulae 


The  nomogram  was  constructed  from  the  following  formulae: 


=■  OCgBR)’^ 


z  =  nR 


V  =  mR" 


^  T  -T  ' 

V  V 

wh'ore  B  is  tho  average  density  ~  total  density  i.c.  "‘••j'T" 

V 


Tho  constants,  C,  n,  and  m  were  determined  from  laboratory  experiment  to  be 
1.2,  4  and  3  respectively.  So  that  B  would  be  dependent  upon  the  virtual 
temperature  excess  only,  the  surrounding  temperature,  T^' ,  became  constant, 
T  value  of  290°A  being  selected. 

'.Ve  may  also  write; 

Z^  =  kt 

1/- 

k  =  ^  (gBV)'" 

whore  (gBV)  =  total  buoyancy  and  is  constant  for  any  givon  thermal. 


Tmii 


